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1. Introduction
   Taenia saginata (T. saginata) is a medically and economically 
important cestode parasite. Typically, cattle are the intermediate 
hosts in which the larva or cysticercus encysts in striated muscle. 
Infection in beef carcases causes economic loss because the carcase 
is being down-graded and condemned, or special treatment is 
required to kill the parasite before sale for human consumption[1]. 
Humans are the definitive host for T. saginata, where infection is 
acquired by ingestion of insufficiently cooked beef meat containing 
viable cysticerci[2]. Immunity plays an important role in the natural 
regulation of transmission of taeniid cestodes in their intermediate 
hosts[3]. Intermediate hosts can be protected against infection by 
vaccination with nonliving antigens of the parasite, especially 
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Objective: To evaluate the synergetic effect of an ethanolic extract of Egyptian propolis in 
immunization of BALB/c mice with Taenia saginata (T. saginata) crude antigen against bovine 
cysticercosis, with reference to its effects on liver and kidney functions. 
Methods: Sixty female mice BALB/c strain weighing 20 to 25 g and 6-8 weeks old were 
randomly allocated into six groups of ten mice each. Mice in groups 1 and 2 (G1 and G2) were 
immunized intraperitoneally with 100 µg of T. saginata crude antigen in 100 µL phosphate 
buffer saline emulsified in Freund’s adjuvant. Besides, the mice in G2 were administered with 
propolis extract simultaneously with immunization. Control mice were either administered with 
propolis extract (G3) or injected with the same volume of phosphate buffer saline emulsified 
in Freund’s adjuvant (G4). The mice in G5 were non-immunized infected control while, those 
in G6 were non-immunized non-infected control. Two weeks after the last immunization, each 
mouse was challenged intraperitoneally with 5 000 oncospheres except those of G6. Ethanolic 
extract of propolis was prepared at a dose 50 mg/kg body weight. 
Results: After 24 weeks of challenge, the mice in G2 showed the highest level of protection 
(100%), with no cyst being detected rather than mice in G1 (33.3% protection). Additionally, 
the ELISA results, in this study, showed higher antibody titer in G2 with reduction the alteration 
in liver and kidney functions compared to G1. 
Conclusions: Egyptian propolis could increase the level of protection against experimental 
challenge infection with T. saginata eggs when administered simultaneously with 
immunization. Furthermore, it could enhance the production of antibodies to immunized 
antigen and decrease the alteration in liver and kidney functions.
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antigen derived from oncospheres which present in eggs of T. 
saginata[4]. Control of these taeniid parasites essentially focuses on 
interruption of egg (oncosphere) transmission, with vaccination of the 
intermediate host which is being a feasible option[5]. 
   Many investigators had reported on the use of immune stimulants 
for enhancement of the immune response during vaccination[6,7]. 
Propolis or “bee glue” was a resinous hive product collected by honey 
bees from exudates and buds of plants and mixed with wax and bee 
enzymes[8]. The chemical composition of raw Egyptian propolis 
sample (collected from Dakahlia Governorate) as investigated by 
gas chromatography-mass spectrometer revealed that 65 compounds 
were identified, such as aromatic acids: benzoic, cinnamic, trans-
p-coumaric, 3,4- dimethoxycinnamic, ferulic and caffeic acids. Of 
the 19 esters identified, Egyptian propolis contained 11 caffeate 
esters including two new to propolis, tetradecenyl caffeate (isomer) 
and tetradecanyl caffeate. Egyptian propolis contained some new 
triterpenoids including lupeol and alpha-amyrin. It also contained 
flavonoids, sugar, and aliphatic acids. The investigators stated that 
Dakahlia propolis sample was a typical popular propolis[9]. The 
composition of the propolis depended upon the time, vegetation 
and the area of collection[10]. Propolis had been reported to have 
immunostimulator and immunomodulator activities, in addition 
to many different biological and pharmacological properties of its 
different preparations[11-13]. Therefore, the present work was adopted 
to evaluate the synergetic effect of an ethanolic extract of Egyptian 
propolis in immunization of BALB/c mice with T. saginata crude 
antigen against bovine cysticercosis, with reference to its effects on 
liver and kidney functions.
2. Materials and methods
   This study was carried out according to guidelines for animal 
experimentation and approved by the Institutional Animal Care and 
Use Committee, National Research Center, Animal Care Unit, Dokki, 
Giza, Egypt.
2.1. T. saginata worms, eggs and oncospheres 
   T. saginata worms and eggs were obtained from infected patients 
with taeniasis in Assuit hospital, Assuit governorate, Egypt. Tape 
worms were washed thoroughly in tap water and kept at room 
temperature overnight. They were identified as T. saginata according 
to Verster[14], and kept in antibiotic saline (0.85% sodium chloride 
containing 1 000 IU/mL penicillin, 1 000 µg/mL sterptomycine, and 
100 IU/mL mycostain) at 4 °C prior to isolation of eggs. Eggs were 
isolated from mature proglottides and kept in antibiotic saline at 4 
°C for up to 4 weeks prior to challenge infection of mice. In vitro 
hatching of oncospheres was carried out by sodium hypochlorite 56 
°C (0.5% in normal saline) according to Ito et al.[15] and Wang et 
al[16]. The viability of the oncospheres was assessed by a microscopic 
examination using 0.4% Trypan blue solution[16].
2.2. Preparation of T. saginata crude antigen
   Crude antigen of whole T. saginata worms was prepared by 
homogenization and sonication of worms in phosphate buffer saline 
(PBS)[4]. The protein content was estimated[17].
2.3. Propolis 
   Propolis sample was collected from beehives located in Dakahlia 
Governorate, Egypt. The sample was kept in the dark and stored at 
−20 °C up to its processing.
2.4. Ethanolic extract of propolis
   Twenty-five grams of the resinous material of Egyptian propolis 
was cut into small pieces and extracted at room temperature with 100 
mL of 80% ethanol. The extraction was performed twice with 24 h 
interval. The alcoholic extract was evaporated under vacuum at 50 
°C until dryness. Dried ethanolic extract (yield 7 g) of propolis was 
suspended in PBS (pH 7.2)[9]. The dose of propolis used was 50 mg/
kg body weight.
2.5. Vaccination trial
2.5.1. Animals
   Sixty female mice BALB/c strain weighing 20 to 25 g and 6-8 
weeks old were purchased from the Animal House, Theodor 
Bilharz Research Institute, Giza, Egypt. Animals were housed in 
a well-ventilated animal room under standardized conditions of 
24 °C; relative humidity (50 依 5)% and 12 h light/dark cycle at the 
Animal House, National Research Center, Giza, Egypt. All nutrients 
including water were supplied ad libitum to meet the requirements 
of the NRC[18]. Mice were acclimatized for 15 d before the start of 
the experiment. According to our pilot study, the BALB/c mice were 
susceptible to the experimental infection. 
2.5.2. Vaccination protocols
   Sixty female BALB/c mice were randomly allocated into six 
groups of ten mice each. Mice in groups 1 and 2 (G1 and G2) were 
immunized intraperitoneally with 100 µg of T. saginata crude antigen 
in 100 µL PBS emulsified in Freund’s adjuvant for three times (first 
immunization in Freund’s complete adjuvant at zero week and 
followed by two booster immunizations in Freund’s incomplete 
adjuvant at the 2nd and the 4th weeks). Besides, the mice in G2 were 
administered with propolis extract simultaneously with immunization. 
Control mice were either administered with propolis extract (G3) 
or injected with the same volume of PBS emulsified in Freund’s 
adjuvant (G4). The mice in G5 were non-immunized infected control 
while, those in G6 were non-immunized non-infected control. Two 
weeks after the last immunization, each mouse was challenged 
intraperitoneally with 5 000 oncospheres except those of G6. All mice 
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were killed at the 24th week post challenge and the internal organs 
were examined for cysts. The protection was calculated as follow:
Protection% = 1 -
Mean No. cysts in test group
Mean No. cysts in control group
 伊 100
2.6. Blood sampling
   At the end of the experiment of the vaccination trail (24 weeks), 
blood samples were collected by retro-orbital venous plexus puncture 
from each mouse (n=5) in the early morning before the diet was 
administered. Each blood sample was placed in a plain centrifuge 
tube for serum separation. The serum samples were stored at -20 °C.
2.7. ELISA
   For detection of anti-T. saginata IgG at 24 weeks post challenge, 
the ELISA was done as described by Kandil et al.[1]. The wells of 
polyvinyl plates were coated with 5 µg/mL of antigen diluted in 
0.1 mol/L carbonate buffer (pH 9.6) at rate of 100 µL per well and 
incubated overnight at 4 °C. Plate was washed three times with PBS 
containing 0.01% Tween-20. Blocking of excess-binding sites was 
performed by incubation with 0.1% bovine serum albumin in 0.01 
mol/L PBS for 1.5 h at 37 °C. After washing, 100 µL of mice sera 
(diluted 1:100 in PBS) were added, followed by incubation for 1.5 
h at 37 °C. After washing, 100 µL of 1:1 000 peroxidase conjugate 
anti-mouse IgG (Sigma) were added to each well and incubated at 
37 °C for 2 h. Finally, the ortho-phenylene diamine substrate was 
added to each well and after 15 min incubation in the dark at room 
temperature, the reaction was stopped with 1 mol/L H2SO4. The 
plates were read at 490 nm by ELISA reader. 
2.8. Biochemical assessments
   Albumin levels[19] as well as the activities of aspartate 
aminotransferase (AST), alanine aminotransferase (ALT)[20], were 
determined. The levels of total cholesterol[21], triglycerides[22], blood 
urea[23] and creatinine[24] were also determined. The used test kits 
were supplied by bioMérieux, France. 
2.9. Statistical analysis
   All data were subjected to statistical analysis including the 
calculation of the mean ± SE. Differences between data of 
biochemical parameters in different groups of mice were tested for 
significance using One-way ANOVA followed by Duncan’s multiple 
range test. Differences were considered significant at P<0.05 level[25] 
using Statistical Package for Social Science (SPSS) for windows 
version 15 computer program. 
3. Results
   After 24 weeks of challenge, the non-immunized infected control 
mice (G5) and those received only adjuvant (G4) showed cysts 
of T. saginata, as well as enlarged and congested liver and spleen 
(Figure 1). While, immunization with crude antigen and adjuvant 
simultaneously with propolis administration (G2), achieved the 
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Figure 1. Macrographs of internal organs of immunized and non-immunized BALB/c mice at the 24th week post challenge infection with T. saginata 
eggs. a: Non-immunized non-infected control; b: Immunized with crude antigen of T. saginata and adjuvant (G1) showing cyst; c: Immunized with crude 
antigen and adjuvant simultaneously with propolis administration (G2) showing normal internal organs; d: Light micrograph of cyst (伊4); e: Enlarged 
spleen of mice in G1 (white arrow) compared to those of mice in G2 (black arrow); f: Enlarged liver of mice in G1 (white arrow) compared to those of 
mice in G2 (black arrow).
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highest level of protection (100%), with no cyst being detected rather 
than antigen with adjuvant (33.3% protection). At the same time, G3 
that received only propolis extract had fewer cysticerci compared 
with the infected control group and showed moderate level of 
protection (58.4%) against experimental challenge infection with 
T. saginata eggs. All groups and challenge infection were shown in 
Table 1.
Table 1
The average number of T. saginata cysticerci in the internal organs in each 
group of mice. 
Groups Average number of T. saginata cysticerci Infection% Protection%
Thoracic cavity Heart Spleen Lung Liver Total
Group 1 0 4 Congested 3 1  8  66.7  33.3
Group 2 0 0 0 0 0  0     0.0 100.0
Group 3 0 2 0 2 1  5   41.6   58.4
Group 4 Necrotic foci 4 Congested 5 2 11   91.7    8.3
Group 5 Necrotic foci 5 Congested 3 4 12 100.0    0.0
Group 6 0 0 0 0 0   0     0.0 -
   The anti-T. saginata antibody titers (ELISA optical density (OD) at 
490 nm) in all groups at the 24th week post challenge were shown 
in Figure 2. The greatest antibody titers were seen in the group 
immunized with crude antigen with adjuvant simultaneously with 
propolis extract administration (Group 2) followed by those received 
only propolis extract (Group 3). While, sera from non-immunized 
control animals (Group 4 and Group 5) and animals immunized with 
crude antigen with adjuvant gave equivalent OD values in the ELISA. 
Figure 2. Anti-T. saginata antibody titers in all groups at the 24th week 
post challenge.
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3.1. Biochemical changes
   The mean values of serum biochemical parameters for all groups 
of experimental vaccination trial were shown in Table 2.
3.2. Serum proteins
   After 24 weeks of challenge, total serum proteins and globulins 
concentrations had a marked (P<0.01) increase in the all immunized 
and infected groups of mice compared to normal control (non-
immunized and non-infected) group (G6). However, there was a 
significant decrease (P<0.01) in the serum albumin level in the mice 
received both antigen and adjuvant (G1), or adjuvant only (G4) 
besides, non- immunized group (G5) compared to normal control 
group (G6). The values of albumin/globulin (A/G) were markedly 
decreased (P<0.01) in all infected groups (G1 to G5) in comparison 
with normal non-infected control group (G6) (Table 2).
3.3. Serum enzymes
   The activity of serum AST significantly (P<0.01) increased 
in groups of mice; immunized with adjuvant and antigen (G1), 
immunized with adjuvant only (G4) as well as non- immunized (G5) 
in comparison with groups of mice; immunized with antigen and 
adjuvant simultaneously with propolis administration (G2), those 
received only propolis extract (G3) and normal non-infected control 
(G6). While the ALT activity was markedly (P<0.01) increase in two 
groups of mice (G4, G5) compared to the other groups (G1, G2, G3 
and G6) (Table 2).
3.4. Serum lipids
   Serum total cholesterol was significant decrease (P<0.05) in G2, 
G3 and G5 compared to the other groups (G1, G4 and G6). However, 
serum triglycerides exhibited a gradual but significant decrease 
(P<0.01) in all infected groups compared to the normal non-infected 
control group (G6) (Table 2). 
Table 2
Serum biochemical changes of BALB/c mice after challenge infection in different groups of vaccination trail with T. saginata antigen (Mean ± SE, N=5).
Groups parameters Complete adjuvant 
+ Antigen (G1)
Complete adjuvant + 
propolis + Antigen (G2)
Propolis only 
(G3)
Complete adjuvant 
only (G4) 
Control infected 
(G5)
Control  
uninfected (G6)
Significance
Total proteins (g/dL)      6.60 ± 0.12ab   7.15 ± 0.10a    7.00 ± 0.07a    5.69 ± 0.31cd    6.13 ± 0.27bc   5.38 ± 0.06d **
Albumin (g/dL)      3.15 ± 0.05bc   3.65 ± 0.06a    3.73 ± 0.09a   3.01 ± 0.09c   3.26 ± 0.08b   3.51 ± 0.06a **
Globulins (g/dL)     3.45 ± 0.10a   3.50 ± 0.05a     3.28 ± 0.08ab   2.68 ± 0.27c    2.88 ± 0.10bc   1.87 ± 0.01d **
A/G ratio     0.91 ± 0.03c    1.04 ± 0.02bc      1.14 ± 0.05bc     1.16 ± 0.10bc    1.19 ± 0.15b   1.89 ± 0.04a **
AST (IU/L) 164.52 ± 4.60c 155.86 ± 7.75cd 135.24 ± 4.97e 188.50 ± 6.18b 209.78 ± 7.13a 141.15 ± 0.27de **
ALT (IU/L)   65.96 ± 3.33c  51.43 ± 1.26d   41.03 ± 1.04e 127.24 ± 5.41a   76.79 ± 1.71b  64.68 ± 1.52c **
Total cholesterol (mg/dL)   92.18 ± 5.79a   66.32 ± 4.05cd   57.64 ± 1.70d    75.20 ± 2.41bc   59.84 ± 3.16d    82.15 ± 2.07ab *
Triglycerides (mg/dL) 122.83 ± 9.50b   88.22 ± 2.03de   78.96 ± 2.71e    95.89 ± 5.06cd 106.12 ± 0.54c 156.23 ± 4.90a **
Urea (mg/dL)   58.06 ± 2.11b  45.18 ± 1.31c   36.49 ± 1.70d   43.54 ± 1.99c   64.46 ± 2.70a   34.90 ± 1.94d **
Creatinine (mg/dL)     0.72 ± 0.03a    0.65 ± 0.01a     0.46 ± 0.11a      0.54 ± 0.03a     0.62 ± 0.06a     0.59 ± 0.02a NS
Means with different superscripts in the same row are significantly different at P<0.05; *: P<0.01;  **: P<0.01.
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3.5. Serum urea and creatinine
   The immunized groups (G1, G2, G4) and non-immunized infected 
group (G5) exhibited a marked increase (P<0.01) in serum urea level 
in comparison with G3 and G6. On the other hand, there was no 
significant difference in serum creatinine levels between all groups 
of mice (Table 2).
4. Discussion
   An alternative approach for the control of cysticercosis due to 
T. saginata is the use of vaccines in cattle. In order to perform 
vaccination studies against T. saginata there must be enough 
eggs accessible to challenge infected cattle, eggs that can only be 
obtained from human beings with taeniosis. Probably this has been 
the greatest difficulty for performing such studies and the reason 
why there are so few publications in this respect. Also, because of 
the difficulty in handling large animals, immunesuppressive mice 
were first introduced for studying this infection by Machnicka 
and Smyth[26]. Cysticercosis of Taenia solium, T. saginata asiatica 
and T. saginata was successfully established in severe combined 
immune deficiency mice[27,28]. A previous study showed that 
BALB/c mice were suitable for developing an experimental model 
of oncosphere infection[29]. Viable cysticerci were found in the 
BALB/c mice from the 8th week to 20th week post-infection. 
Immunity played a central role in the regulation of transmission 
of taeniid cestodes through their intermediate hosts. Concomitant 
immunity was a prominent feature of infection with all taeniid 
cestodes which had been investigated. Furthermore, in most species 
immunity was transferred with colostral antibody from the dam. 
These features had favored the development of practical vaccines 
against Taenia in their intermediate hosts[30]. In the present 
study, immunization of mice with crude antigen of T. saginata 
worms induced level of protection against experimental challenge 
infection with T. saginata eggs; up to 33.3% protection was 
achieved. Indeed, there were many studies in rodents, ovine and 
bovines that demonstrated that it was possible to acquire protection 
against cysticercosis by vaccination. In most studies crude antigens 
had been used which were obtained from oncospheres, cysticerci or 
tapeworms[30,31]. Various degrees of protection had been reported; 
it had been demonstrated that living oncospheres and oncospheral 
antigens were the most effective[32]. Attempts were done to 
increase the level of protection against cysticercosis. The use of 
recombinant proteins and DNA as vaccines against rodent, ovine 
and bovine cysticercosis could induce high degrees of immunity[33-
35]. While, the present study could increase the level of protection 
against experimental challenge infection with T. saginata eggs 
via immunization with crude antigen of whole T. saginata worms 
simultaneously with propolis administration, so that no cysts could 
be detected. Several articles had provided information of propolis 
influence on the immune system[36]. As to the immunomodulatory 
action of propolis, the administration of ethanolic extract of 
propolis (200 mg/kg) to mice for 3 d enhanced the innate 
immunity, activating the initial steps of the immune response by 
up regulating TLR-2 and TLR-4 expression and pro-inflammatory 
cytokines (IL-1 and IL-6) production by macrophages and spleen 
cells, contributing to the recognition of microorganism and to 
lymphocytes activation by antigen presenting cells[36]. Propolis 
(2.5 and 5.0 mg/kg) also increased hydrogen peroxide generation, 
favoring the microorganisms killing[37]. Additionally, the ELISA 
results, in this study, showed higher antibody titer in group of 
mice immunized with crude antigen of whole T. saginata worms 
simultaneously with propolis administration compared to the other 
group immunized with crude antigen alone. Indeed, there was 
evidence that administration of propolis (extracts or ingredients) 
affected both specific and nonspecific arms of the immune system 
in mouse, including an increase of antibody response[38,39].
   Regarding the serum proteins; total serum proteins and globulins 
concentrations had a marked increase in the all immunized 
and infected groups of mice. In this study the increase in total 
serum proteins reflected an increase in the globulins, particularly 
immunoglobulins[40]. It might be due to increase in γ-globulin 
which appeared to be in response to the antigenic stimulation of the 
infectious agent, kidney damage, or myocarditis[41,1]. 
   Albumin levels decreased in the serum of mice received adjuvant 
only (G4) as well as non-immunized infected group (G5), or group 
of mice immunized with both antigen and adjuvant (G1). This result 
might be attributed to hepatic dysfunction that was induced by the 
presence of large amount of T. saginata cysticerci in the organs[42].
   The AST activity was increased in serum of mice G1, G4 and 
G5, while ALT activity was increased in serum of mice G4 and G5. 
The increase in AST indicated soft-tissue damage/necrosis while 
alterations in ALT indicated liver damage[40]. In the present study, 
administration of propolis with or without immunization caused 
a reduction of AST and ALT activities as well as urea, cholesterol 
and triglycerides levels. This result might be due to hepato- and 
renal- protective effects of propolis against liver and kidney 
damaged[6,13,43,44]. This study revealed that there were changes in 
the ALT activity, total cholesterol, urea and creatinine of infected 
mice with T. saginata viable eggs. 
   Serum lipids revealed that the administration of propolis 
extract with or without immunization with T. saginata antigen 
had a lowering effect on serum total cholesterol and triglycerides 
which might be attributed to the presence of flavonoids, steroids, 
phenolic acids and their esters among propolis constituents[45,13]. 
The hypocholesterolemic effect of propolis could be a result of 
a direct effect on the liver or an indirect effect through thyroid 
hormones which affected reactions in almost all the pathways of 
lipid metabolism[46]. Total cholesterol revealed high concentration 
in serum of infested mice. Cholesterol might have a role in 
pathogenesis by helping the larvae to survive in the host tissues 
or it might be due to the break in the liver function and changes 
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the hormone secretion which provoked by the presence of 
parasite. Cholesterol enhanced larval survival, development and 
growth[47,1]. 
   In conclusion, the current study indicated that Egyptian propolis 
could increase the level of protection against experimental challenge 
infection with T. saginata eggs when administered simultaneously 
with immunization. Furthermore, it could enhance the production of 
antibodies to immunize antigen and decrease the alteration in liver 
and kidney functions.
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parasite. Immunity plays an important role in the natural regulation 
of transmission. It has been reported that use of immune stimulants 
for enhancement of the immune response during vaccination. 
Propolis has immunostimulator and immunomodulator activities. In 
this work, the authors evaluated the synergetic effect of an ethanolic 
extract of Egyptian propolis in immunization of mice with T. 
saginata crude antigen against bovine cysticercosis. 
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Related reports
   Propolis had been reported to have immunostimulator and 
immunomodulator activities in several disease models, such as 
tumor immunity, Fasciola gigantica infection, Cryptosporidium spp 
infection, ect. 
Innovations and breakthroughs
   In this paper, the authors describe that propolis extract could 
increase the level of protection against T. saginata infection via 
enhancing antibody production. This argument is kind of novel.
  
Applications
   T. saginata is a medically and economically important cestode 
parasite. It is essential to use the immune stimulants for enhancement 
of the immune response during vaccination. Here, the authors found 
that propolis extract could increase the level of protection against T. 
saginata infection via enhancing antibody production and recover 
liver and kidney function.  
Peer review
   This is a valuable research work in which authors have evaluated 
the synergetic effect of an ethanolic extract of propolis in 
immunization of mice with T. saginata crude antigen against bovine 
cysticercosis. They found that propolis extract can enhance the 
production of antibodies to antigen and recover liver and kidney 
functions.  
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